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Abstract
Based on analytical estimation and lattice simulation, a proposal is made that magnetic
skyrmions can be generated through the pinning effect in 2D chiral magnetic materials, in ab-
sence of an external magnetic field or magnetic anisotropy. In our simulation, stable magnetic
skyrmions can be generated in the pinning areas. The properties of the skyrmions are studied
for various values of ferromagnetic exchange strength and the Dzyaloshinskii-Moriya interaction
strength.
PACS numbers: 75.70.Kw, 66.30.Lw, 75.10.Hk, 75.40.Mg
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I. INTRODUCTION
The topologically protected structure called skyrmion can be formed in a chiral mag-
net [1, 2]. Magnetic skyrmions have been discovered in the bulk MnSi by using neutron scat-
tering [3], and have also been observed by using Lorentz transmission electron microscopy [4]
and by using spin-resolved scanning tunnelling microscopy (STM) [5]. They can be created
in magnetic materials with Dzyaloshinskii-Moriya (DM) interactions [6]. They can be driven
by spin current with critical current density lower than that for magnetic domain walls [7],
and are thus promising as future information carriers in magnetic information storage and
processing devices.
Therefore it is interesting to find efficient methods of creation and manipulation of mag-
netic skyrmions. In the presence of a magnetic field, single skyrmions can be created and
deleted by using local spin-polarized STM [8]. A large number of magnetic skyrmons were
created with the aid of a special geometrical constriction in presence of interfacial DM in-
teraction [9, 10]. In the absence of a magnetic field, skyrmions can be generated with the
aid of a circulating current [11], or magnetic anisotropy [12, 13], or perpendicular anisotropy
energy [15], or DC current together with inhomogeneous magnetization but without DM
interactions [14].
Pinning effect refers to the inhomogeneities of the ferromagnetic exchange coupling, the
DM interaction and the magnetic anisotropy, which may be caused by defects and impuri-
ties [16, 17]. In this paper, we propose a novel method to generate magnetic skyrmions by
exploiting the inhomogeneities of the ferromagnetic coupling and the DMI strength.
The rest of the paper is organized as the following. In Sec. II, we briefly review the 2D
magnetic skyrmions and introduce our basic idea. In Sec. III, we report a lattice simulation
and study the properties of the skyrmions generated in the simulation. A summary is made
in Sec. IV .
II. BASIC IDEA
In consideration of that the skyrmions can be generated by using magnetic anisotropy,
here we only consider the case without magnetic anisotropy. In this case, in the presence of
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an external magnetic field, the Hamiltonian can be written as [1, 18]
Htot(r) = J(r)
2
(∇n)2 +D(r)n · (∇× n)−B(r) · n, (1)
where n is the orientation of the magnetic moment, J(r) is the ferromagnetic exchange
strength, D(r) is the strength of DM interaction, B = Bez is the external magnetic field
along ez direction. We use dimensionless parameters.
The local magnetic moment of a skyrmion or anti-skyrmion can be parameterized as [1].
n(x, y) = (cos(γ +mφ) sin(θ(ρ)), sin(γ +mφ) sin(θ(ρ)), g cos(θ(ρ))) , (2)
where ρ and φ are polar coordinates of the 2D position vector (x, y), with the origin at the
center of the skyrmion, m = ±1 is the vorticity of the skyrmion or anti-skyrmion, g = ±1 is
the polarization, γ is helicity and distinguishes between Ne´el-type and Bloch-type skyrmions,
θ(ρ) is a function describing the shape of a skyrmion, with θ(0) = pi and θ(∞) = 0. The
skyrmion charge is defined as [1, 11]
Q =
1
4pi
∫
dxdyn ·
(
∂n
∂x
× ∂n
∂y
)
= −mg. (3)
The anti-skyrmions usually result from anisotropic DM interaction [19], but here we only
consider isotropic DM interaction, hence we only consider m = 1.
It has been found that for a skyrmion, θ(ρ) can be approximated as [20]
θ(ρ) ≈ 4 tan−1(exp(−aρ)). (4)
Obtained from this expression with a = 0.05, some examples of n(r) are shown in Fig. 1.
Two kinds of pinning were considered previously. In Ref. [16], both J and D are inhomo-
geneous, while D/J is kept constant. In Ref. [17], D is constant while J is inhomogeneous.
For simplicity, we only consider the latter case in this section. The former case will be
studied in a lattice simulation in next section.
From Eq. (1), we obtain the Euler-Lagrange equation
sin(θ) cos(θ)
ρ
− θ′ − ρθ′′ − 2 D˜
J(ρ)
sin2(θ) +
B˜
J(ρ)
ρ sin(θ)− ρJ
′(ρ)
J(ρ)
θ′ = 0, (5)
where D˜ ≡ g sin(γ)D, B˜ ≡ gB, J(ρ) is a pinning function, simply assumed to depend
only on ρ so that the skyrmion center is at the center of the pinning, which is rotationally
3
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(d) g = −1,m = 1,γ = pi2
FIG. 1: Skyrmions characterized by n(r) parameterized as in Eqs. (2) and (4), with
various values of g and γ. The heat map represents the magnitude of nz and the arrow
represents (nx, ny).
symmetric. When there is no pinning while an external magnetic field is applied, Eq. (5)
becomes
sin(θ) cos(θ)
ρ
− θ′ − ρθ′′ − 2D˜
J
sin2(θ) +
B˜
J
ρ sin(θ) = 0. (6)
It is known that the skyrmions can be generated in this case.
We note that when pinning is present, J ′ term in Eq. (5) plays a role similar to that of
B˜ term. Using the ansatz θ(ρ) in Eq. (4) for b sin(θ(ρ)) = J ′(ρ)θ′(ρ), where b is some value
of B˜ , we find that if
J(ρ) = J0 + b
aρ+ log (e−2aρ + 1)
a2
, (7)
where a as given in Eq. (4), J0 is an undetermined coefficient, then Eq. (5) without B˜ term
becomes
sin(θ) cos(θ)
ρ
− θ′ − ρθ′′ − 2 D˜
J(ρ)
sin2(θ) +
b
J(ρ)
ρ sin(θ) = 0, (8)
which is very close to Eq. (6) except that the J is now position dependent.
With J(ρ) in Eq. (7) as an ansatz, we solve Eq. (5) in the absence of B˜ term, using
the numerical method in Ref. [16], which proposed a mechanism of pinning skyrmions. We
choose the parameter values to be J0 = 1, B˜ = 0, D˜ = 0.05, b = 0.005, a = 0.05. As shown
in Fig. 2, the solution is very close to the skyrmion ansatz (4), suggesting that it is possible
to create skyrmions by using the pinning effect.
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FIG. 2: The dotted line represents the numerical result of Euler-Lagrange Equation (5)
with B˜ = 0. The dotted-dashed line represents the skyrmion ansatz (4).
III. LATTICE SIMULATION
The above estimation with an artificial pinning effect suggests the possibility of really
creating a skyrmion using pinning effect only. Since the effective parameter D˜ depends not
only on D but also on the parameters of the skyrmions, whether or not a solution of θ(ρ)
can be identified as a skyrmion is technically subtle. Therefore, rather than solving the
Euler-Lagrange equation, we perform a lattice simulation, which directly provides evidence
of skyrmions.
We now consider more realistic pinning effect. As a local structure, the effect of pinning
should be suppressed very quickly in deviating away from the pinning center. An expo-
nentially decaying function J(ρ) is assumed in Ref. [17], while a Gaussian function J(ρ) is
assumed in Ref. [16]. We follow Ref. [16] to assume J(ρ) to be Gaussian,
J(ρ) = J0 + J1e
−J2ρ2 , (9)
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where J0, J1 and J2 are undetermined coefficients, with J0 > 0, J1 > −J0 and J2 > 0. The
radius of the pinning is denoted as Rp, and Rp ∼ 1/
√
J2.
In the simulation, as dimensionless parameters, J = 1 is used as the definition of the
energy unit, J(∞) = J0 = 1 is assumed for simplicity [21–23]. The dimensionless quantities
can be rescaled to physical ones as the following [11, 16, 21]. The time unit ∆t = 1 in the
simulation represents t = ~/J in physical time. The rescaling factor r can be determined
from the helical wavelength λ and the lattice spacing a, as r = (D/J)λ/(2pi
√
2a). Then the
time is rescaled as t′ = r2t. For example, if we adopt the real material such that λ ≈ 60 nm
and a ≈ 4 A˚ and with D/J = 0.5, we find r ≈ 8.44. Then, if we adopt the energy unit as
J = 3 meV, then t′ = r2~/J ≈ 220r2 fs ≈ 0.016 ns.
The lattice simulation is based on the Landau-Lifshitz-Gilbert (LLG) equation [1, 16, 24,
25]
d
dt
nr = −Beff(r)× nr − αnr × d
dt
nr, (10)
where nr is the local magnetic moment at site r, α is the Gilbert damping constant, Beff is
the effective magnetic field,
Beff(r) = − δH
δnr
, (11)
with the discrete Hamiltonian [21, 26]
H =
∑
r,i=x,y
[−J(r)nr+δi −D(r)nr+δi × ei −B] · nr, (12)
where δi refers to each neighbour, and δi = ei on a square lattice. So [16]
Beff(r) =
∑
i=x,y
[J(r)nr+δi + J(r− δi)nr−δi ]
+
∑
i=x,y
[D(r)nr+δi × ei −D(r− δi)nr−δi × ei] + B(r).
(13)
Unless specified otherwise, the simulation is run on a 512× 512 square lattice with open
boundary condition and B = 0, and with the pinning center set to be at the point (256, 256).
In the following, we denote the time step as ∆t, and the time in unit of ∆t the simulation
takes is denoted as τ . The number of step is τ/∆t. The simulation is run on the GPU, which
has a great advantage over CPU on this problem. Because nr’s for different sites at a same
instant are independent of each other, we use GPU to do parallel computing. Within the
simulation, the LLG is numerically integrated by using fourth-order Runge-Kutta method.
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A. Skyrmion generation from random initial configurations
We first run the simulation for J1 = 3, J2 = 0.001 and various values of D. The simulation
starts from randomized nr’s and stops when nr’s become stable. Previously, the Gilbert
constant is taken to be α = 0.01 to 1 [16, 19, 20, 22, 23, 25, 27, 28]. We find that the larger
the value of α, the more rapid the simulation is completed, while the smaller the value of D,
the longer the simulation time. Hence we use α = 0.1 [25, 28] and ∆t = 0.002 for D ≥ 0.1,
while α = 0.2 [16, 22] and ∆t = 0.01 for D < 0.1.
The results are shown in Fig. 3. We run the simulation for D =
1, 0.8, 0.5, 0.2, 0.1, 0.08, 0.05, 0.03, 0.02, 0.01. For each value of D except the smallest ones
D = 0.02 or 0.01, a skyrmion can be generated at the pinning center. When D is smaller, it
takes longer time to generate the skyrmion. Generally speaking, the time needed to generate
a skyrmion by using pinning is longer than generation of a skyrmion by using an external
magnetic field.
We have also studied the properties of the skyrmions generated in the simulation. Only
those skyrmions near the pinning centers are considered. For each skyrmion considered, g is
determined from nz at the center. The radius Rs of each skyrmion can be determined from
the iso-height contour with nz = ∓1 for g = ±1 respectively, because nz varies from ±1 at
the center to ∓1 on the edge. In the actual simulation, however, nz can only approach ∓1.
Hence, Rs is estimated from the radius of the iso-height contour with nz = ∓0.9 for g = ±1,
respectively. γ is determined by using nx and ny at the iso-height contour with nz = 0.
We first investigate the relation between the skyrmion radius Rs and the DM interaction
strength D. We find that the larger the value of D, the smaller Rs. As shown in Fig. 4, the
relation between Rs and D is about
a+ b
1√
D
, (14)
which explains why skyrmions are not generated for D = 0.02 or D = 0.01, as for small
values of D, the radius of the skyrmion is too large for the lattice size.
All the skyrmions appearing in the simulation are of m = 1. Then the skyrmion number
Q = −mg is determined from the sign of g. As shown in Fig. 3, skyrmions with g = 1 and
g = −1 can both be generated. For a skyrmion generated in an external magnetic field, g
is determined by the direction of B. But for a skyrmion generated by using the pinning
effect in absence of a magnetic field, the sign of g becomes a free choice and depends on
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(a) D = 1,τ = 60000∆t = 120,g =
1,m = 1,γ ≈ 1.58,Rs ≈ 10.5
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1,γ ≈ 1.57,Rs ≈ 20.3
(d) D = 0.3,τ = 3000,g = 1,m =
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(h) D = 0.05,τ = 100000,g =
1,m = 1,γ ≈ 1.57,Rs ≈ 96.7
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(i) D = 0.03,τ = 100000,g =
−1,m = 1,γ ≈ 4.71,Rs ≈ 128.3
FIG. 3: The stable spin configuration nr in the lattice simulation, for J1 = 3 and various
values of other parameters. We find that the skyrmions can be generated at the pinning
centers, by using the pinning effect only.
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FIG. 4: The relation between skyrmion radius Rs and the DM interaction strength D.
the initial state. This is verified in simulations starting with different randomized initial
states but with the same values of various parameters. For D > 0, we find that γ ≈ pi/2 for
g = 1, while γ ≈ −pi/2 for g = −1, hence D˜ > 0 in both cases. This can be understood by
considering
HDM = Dn · (∇× n) = gD sin ((m− 1)φ+ γ)
(
m
2ρ
sin(2θ(ρ)) + θ′(ρ)
)
, (15)
which differs from the special case of g = 1 [1] in replacing D as gD. As a result, the sign of
g is a free choice, while the sign of γ is determined by gD. Hence the energy is lowest when
D˜ > 0 and γ = ±pi/2 with the sign of γ determined by gD, that is, γ = pi/2 when gD > 0,
while γ = −pi/2 when gD < 0.
We have also studied the case of J1 < 0. Using J1 = −0.5, J2 = 0.0001, α = 0.2, and
∆t = 0.01, skyrmions are generated in the simulation (Fig. 5). In this case, the range of the
value of D in which skyrmions can be generated is narrower than the case of J1 = 3 and
J2 = 0.001. Similar to the case of J1 > 0, the radius of the skyrmion also increases with the
decrease of D, and D˜ > 0 for all the skyrmions generated.
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(a) D = 0.03,τ = 100000,g =
1,m = 1,γ ≈ 1.5727,Rs ≈ 48.6
100 200 300 400 500
50
100
150
200
250
300
350
400
450
500
-1  
-0.5
0   
0.5 
1   
(b) D = 0.02,τ = 120000,g =
−1,m = 1,γ ≈ 4.7060,Rs ≈ 84.6
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(c) D = 0.01,τ = 140000,g =
−1,m = 1,γ ≈ 4.7165,Rs ≈ 182.0
FIG. 5: The stable spin configuration nr in the lattice simulation for D = 0.03, 0.02, 0.01.
The heat map represents the magnitude of nz, the arrow represents (nx, ny). In (a), only
the skyrmion at the center is considered.
B. Skyrmion generation from helical phase
We have also studied a more realistic situation. Starting with the helical phase, we
suddenly switch on the pinning, by substituting the constant J with an inhomogeneous
J(ρ). In previous works, D/J ≈ 0.09 ∼ 0.5 [11, 16, 21–23, 25, 26, 29], therefore we use
D/J0 = 0.08, 0.1, 0.2, 0.3, 0.5. In absence of an external magnetic field and with constant
J , the initial state is prepared by relaxing from a saturated state with nr = ez until the
stability is reached. Thus the helical phase is obtained. Then we substitute the constant
J with inhomogeneous J(ρ) at τ = 0 and continue the simulation. For D = 0.08, we use
α = 0.2 and ∆t = 0.01. For D = 0.1, 0.2, 0.3, 0.5, we use α = 0.1 and ∆t = 0.002.
The results for D = 0.5, J1 = 3 and J2 = 0.0001 are shown in Fig. 6. The strip width
increases with the decrease of D/J . So the stripes are wider near the pinning center, where
D/J is smaller. The stripes start to grow at τ = 0. Then a kind of turbulence is created,
and small skyrmions are generated, some of which finally become stable.
The cases for D = 0.08, 0.1, 0.2, 0.3 are shown in Fig. 7. For D = 0.2, 0.3, we still use
J2 = 0.0001, as in the case of D = 0.5. The size of the pinning should be much larger than the
width of the stripes. Hence for smaller values of D, J2 is chosen to be smaller, consequently
the lattice is set to be larger. Therefore, for D = 0.08, 0.1, we run the simulation on a
1024×1024 lattice. We choose J2 = 0.000025 and set the pinning center to be at (512, 512).
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(a) τ = 0 (b) τ = 40 (c) τ = 80
(d) τ = 160 (e) τ = 400 (f) τ = 10000
FIG. 6: Simulation starting from helical phases with D = 0.5. Pinning is switched on by
suddenly substituting the constant J with J(ρ), with J1 = 3, J2 = 0.0001. With
inhomogeneous J(ρ), the stripes grow while turbulence is created and small skyrmions are
generated, some of which become stable finally.
For all these cases, skyrmions are generated in the pinning region (Fig. 7), although they
are not at the pinning center, as in the cases starting with randomized initial state.
For D = 0.3, we run the simulation on a 1024 × 1024 lattice, with 5 pinning centers
locating at sites r1 = (512, 512), r2 = (256, 512), r3 = (768, 512), r4 = (512, 256) and
r5 = (512, 768), respectively,
J(r) = 1 + 3
5∑
i=1
exp
(−0.00025(r− ri)2) , (16)
with J2 = 0.00025. The result (Fig. 8) shows that skyrmions are generated near some but
not all of the pinning centers.
We also find that, for J1 < 0, skyrmions cannot be generated by using this method.
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(h) D = 0.3, τ = 10000
FIG. 7: Simulation starting from helical phases. Pinning is applied by suddenly
substituting the constant J with J(ρ). For D = 0.2, 0.3, J1 = 3, J2 = 0.0001. For
D = 0.08, 0.1, we run the simulation on a 1024× 1024 lattice, with J1 = 3, J2 = 0.000025
and the pinning center locating at (512, 512). In each figure, skyrmions are generated in
the pinning region, though not at the pinning center. Some skyrmions originate from short
stripes close to skyrmions, but new skyrmions are also generated.
C. Skyrmion generation with both J and D inhomogeneous
Although the origins of the ferromagnetic exchange and DM interaction are different,
it is difficult to vary J while keeping D constant in real experiments. We also simulate a
scenario in which both J and D inhomogeneous while D/J constant, that is, D has the
same ρ-dependence as J [16]. When D/J is homogeneous, the widths of the stripes are
not changed. In this case, skyrmions cannot be generated from helical phases. However,
skyrmions can still be generated at the pinning center through the pinning effect with the
aid of the boundary condition, in the following way.
In our simulation, when an external magnetic field is applied, nr can be saturated to nr =
ez no matter whether pinning is presented. If we suddenly switch off the external magnetic
12
(a) τ = 0 (b) τ = 3000
FIG. 8: Simulation starting from a helical phase, with D = 0.3. There are 5 pinning
centers at the sites (512, 512), (256, 512), (768, 512), (512, 256) and (512, 768), all with
J2 = 0.00025. The pinning radii are smaller than the those in Fig. 7. (c) and (d). The
skyrmions are generated in the pinning regions near (256, 512), (768, 512), (512, 256) and
(512, 768), but not near (512, 512), where the spin structure is not topologically separated
from the other stripes.
field and start the simulation from a saturated initial configuration, the boundary condition
plays an important role. Because of DM interaction, nr tends to tilt to its neighbours.
If D is homogenous, the tilt starts from the sites on the boundary (Fig. 9). When D is
inhomogeneous, the tilt starts from both the boundary and the sites with inhomogeneous
D. This can be understood by using LLG in Eq. (11), which can be rewritten as
dn
dt
=
1
1 + α2
(N + αN× n) , (17)
with N = Beff × n. When nr = ez and D is homogeneous, Beff ∝ nr and N = 0. However,
when D is inhomogeneous, N 6= 0, therefore nr of the sites at the boundary or at the sites
with inhomogeneous D start to tilt first.
For D/J = 0.08, we use J1 = 3, J2 = 0.001, α = 0.2, ∆t = 0.002. The result is shown
in Fig. 10. Because of the inhomogeneous D, a ring domain wall is generated around the
pinning and keeps shrinking to the center of the ring. The center of the ring is a skyrmion.
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FIG. 9: When the simulation starts from nr = ez, the boundary plays an important role.
With DM interaction, nr at a site tends to tilt to its neighbours. If D is homogenous, the
tilt starts from the boundary.
The ring keeps shrinking until about τ = 200, then the skyrmion at the center starts to
grow until it is constrained by the domain walls generated from the boundary.
For D/J = 0.1, 0.2, 0.3, 0.5, with the same values of other parameters as for D/J = 0.08,
stable skyrmions cannot be generated, because the skyrmion generated at the center keeps
expanding and becomes very large before it meets the domain walls generated from the
boundary, so its border splits into stripes. However, if we use J1 < 0, domain walls are
generated as several rings around the pinning and expand, as shown in Fig. 11 for D/J = 0.3.
Then if the pinning radius is close to the stripe widths, the skyrmions can be generated at
the pinning center inside the smallest ring.
We run the simulation for D/J = 0.1, 0.2, 0.3, 0.5 with α = 0.1,∆t = 0.002 and J2 =
0.00156, 0.00625, 0.012, 0.045 ∼ 1/D2. For J1 < 0, J1 is related to the gap between the
rings. For D/J = 0.1, 0.2, 0.3, we use J1 = −0.5. For D/J = 0.5, the gap is too large
compared with the stripe widths, so we use J1 = −0.85 to make gap narrower. The result
for D/J = 0.3 is shown in Fig. 11 and the results for D/J = 0.1, 0.2, 0.5 are shown in Fig. 12.
Comparing the final states in Sec.III C with the initial states in Sec.III B, we can conclude
that, with boundary condition alone, the skyrmions are not generated at the center. There-
fore, the effect of the pinning is essential. We also run a simulation to testify how important
the boundary condition is. In real experiments, the material could be much larger, and the
pinning could be located away from the center of the material. We run a simulation on a
2048× 2048 lattice with the pinning located at (1200, 700) to investigate the generation of
the skyrmion in this situation. We choose D/J = 0.2, and follow the rescaling method in
14
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FIG. 10: Simulation for D/J = 0.08, J1 = 3, J2 = 0.001. Because of the inhomogeneous D,
a ring domain wall is generated around the pinning at about τ = 20 and keeps shrinking to
the center of the ring. The center of the ring is a skyrmion. The ring keeps shrinking until
about τ = 200, then the skyrmion at the center starts to grow until it is constrained by the
domain walls generated from the boundary.
Refs. [11, 16]. If for the real material, λ ≈ 60 nm, a ≈ 4 A˚, the rescaling factor is r ≈ 3.38,
therefore, a 2048 × 2048 lattice corresponds to about 2.77 µm × 2.77 µm. For J = 3 meV,
the dimensionless time τ = 15000 corresponds to 37.6 ns. We run the simulation with
α = 0.2, ∆t = 0.01, J1 = −0.8 and J2 = 0.005. The result is shown in Fig.13. We find
that, a skyrmion is generated on the left of the pinning center, and the distance between
the skyrmion center and the pinning center is about 50, corresponding to 67.5 nm if we use
the above realistic parameter values.
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FIG. 11: Simulation for D/J = 0.3, J1 = −0.5, J2 = 0.012. Because of the inhomogeneous
D, a few domain walls are generated as rings around the pinning and keep expanding. The
center of the smallest ring is a skyrmion. The largest ring keeps expanding until it meets
the domain walls generated from the boundary. The smaller rings keep expanding until
they are constrained by the larger rings. Finally, the center of the smallest ring becomes a
skyrmion.
D. Bound states
In the simulation starting from randomized initial state, we also observe an interesting
phenomenon when D is constant and very small while J1 < 0 (Figs. 14 and 15). It does
not show up when J1 > 0 or J1 = 0 (no pinning), so it is a special case in presence of
pinning with J1 < 0. When D is very small, a skyrmion and an anti-skyrmion with g = ±1
and m = ±1 are generated and move to the pinning center. They keep rotating around
each other with the distance shrinking till annihilation. Previously, it was found that the
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(a) D/J = 0.1, J1 = −0.5, J2 =
0.00156, τ = 16000
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(b) D/J = 0.2, J1 = −0.5, J2 =
0.00625, τ = 8000
(c) D/J = 0.5, J1 = −0.85, J2 =
0.045, τ = 10000
FIG. 12: Simulation for J1 < 0. For the case D/J = 0.5, there is a short stripe cut off from
all the others. It is the center of the smallest ring similar to Fig.11, which can be
considered as a stretched skyrmion.
interaction between two skyrmions on two layers with opposite skyrmion charge can form a
bound state [23].
On a single layer, in contrast, if the skyrmions are generated in an external magnetic
field, the sign of g is determined by the external magnetic field, and whether a skyrmions
or an anti-skyrmions is generated depends on D, then the bound states of skyrmions and
anti-skyrmions are usually difficult to realize. The situation we consider may provide a novel
avenue to study such bound states in a single layer.
IV. SUMMARY
In this paper, we propose a novel mechanism to generate magnetic skyrmions without
the need of an external magnetic field or magnetic anisotropy. We find that skyrmions can
be generated through the pinning effect only, i.e., with magnetic exchange strength J inho-
mogeneous, or with J and DM interaction D both inhomogeneous. Our lattice simulation
has verified this idea. In the simulation, we study the properties of the skyrmions generated
under various parameter values. We find that the radius of the skyrmion increases when D
decrease. We also find that all the skyrmions generated have m = 1 and D˜ > 0, while the
sign of g depends on the initial state. For J1 < 0, we also find the generation of a pair of
17
(a) τ = 2000 (b) τ = 3000 (c) τ = 4000
(d) τ = 5000 (e) τ = 15000 (f) τ = 15000
FIG. 13: Simulation on a 2048× 2048 lattice with D/J = 0.2, α = 0.2, ∆t = 0.01,
J1 = −0.8, J2 = 0.005, and the center of the pinning placed at (1200, 700). First, the rings
appear and expand. At about τ = 3000, the rings meet the domain walls generated from
the boundary. The center of the rings becomes stable at about τ = 5000. Finally, the
central region of the smallest ring survives as a skyrmion, however, its position deviates
from the the pinning center.
skyrmions with opposite g and m at the pinning centers.
That the skyrmions can be generated by using the pinning effect only is useful for prac-
tical applications of the magnetic skyrmions. Through the engineering of pinning in the
designated site, we can generate a skyrmion on this site. It is hoped that experiments and
applications be made by using this method.
This work is supported by National Natural Science Foundation of China (Grant No.
11374060 and No. 11574054).
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(a) τ = 100000 (b) τ = 120000 (c) τ = 140000
(d) τ = 160000 (e) τ = 180000 (f) τ = 200000
FIG. 14: Simulation of skyrmion generation, with parameter values J1 = −0.5,
J2 = 0.0001, D = 0.005, α = 0.2 and ∆t = 0.01. A skyrmion and an anti-skyrmion with
g = ±1 and m = ±1 respectively rotate around each other and move to the pinning center,
with the distance shrinking till annihilation.
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(a) τ = 100000 (b) τ = 120000 (c) τ = 140000
(d) τ = 160000 (e) τ = 180000 (f) τ = 200000
FIG. 15: Simulation of skyrmion generation, with parameter values J1 = −0.9,
J2 = 0.0001, D = 0.003, α = 0.1 and ∆t = 0.01. A skyrmion and an anti-skyrmion, with
g = ±1 and m = ±1 respectively, are generated at the pinning center. Each skyrmion
self-rotates. The simulation stopped at τ = 200000, however. As the distance shrinks, the
pair is expected to annihilate.
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